CHAPTER 4

Water Reuse Regulations and Guidelines in the U.S.

Most reuse programs operate within a framework of regu-
lations that must be addressed in the earliest stages of
planning. A thorough understanding of all applicable regu-
lations is required to plan the most effective design and
operation of a water reuse program and to streamline
implementation.

Regulations refer to actual rules that have been enacted
and are enforceable by government agencies. Guidelines,
on the other hand, are not enforceable but can be used in
the development of a reuse program. Currently, there are
no federal regulations directly governing water reuse prac-
tices in the U.S. Water reuse regulations and guidelines
have, however, been developed by many individual
states. As of November 2002, 25 states had adopted
regulations regarding the reuse of reclaimed water, 16
states had guidelines or design standards, and 9 states
had no regulations or guidelines. In states with no spe-
cific regulations or guidelines on water reclamation and
reuse, programs may still be permitted on a case-by-
case basis.

Regulations and guidelines vary considerably from state
to state. States such as Arizona, California, Colorado,
Florida, Georgia, Hawaii, Massachusetts, Nevada, New
Jersey, New Mexico, North Carolina, Ohio, Oregon,
Texas, Utah, Washington, and Wyoming have devel-
oped regulations or guidelines that strongly encourage
water reuse as a water resources conservation strat-
egy. These states have developed comprehensive regu-
lations or guidelines specifying water quality require-
ments, treatment processes, or both, for the full spec-
trum of reuse applications. The objective in these states
is to derive the maximum resource benefits of the re-
claimed water while protecting the environment and pub-
lic health. Other states have developed water reuse regu-
lations with the primary intent of providing a disposal al-
ternative to discharge to surface waters, without consid-
ering the management of reclaimed water as a resource.

This section provides an inventory of the various state
water reuse regulations throughout the U.S. and updates
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recommended guidelines that may aid in the develop-
ment of more comprehensive state or even federal stan-
dards for water reuse. Water reuse outside the U.S. is
discussed in Chapter 8.

4.1 Inventory of Existing State
Regulations and Guidelines

The following inventory of state reuse regulations and
guidelines is based on a survey of all states conducted
specifically for this document. Regulatory agencies in
all 50 states were contacted and information was ob-
tained concerning their regulations governing water re-
use. All of the information presented in this section is
considered current as of November 2002.

California and Florida compile comprehensive invento-
ries of reuse projects by type of reuse application. These
inventories are compiled by the California Water Re-
sources Control Board (CWRCB) in Sacramento and
the Florida Department of Environmental Protection
(FDEP) in Tallahassee, respectively. The inventories are
available for viewing or downloading from each agency’s
website. Florida’s 2001 Reuse Inventory shows a total
of 461 domestic wastewater treatment facilities with
permitted capacities of 0.1 mgd (4.4 I/s) or more that
produce reclaimed water. These treatment facilities serve
431 reuse systems and provide 584 mgd (25,600 I/s) of
reclaimed water for beneficial purposes. The total reuse
capacity associated with these systems is 1,151 mgd
(50,400 I/s) (FDEP, 2002). California’s May 2000 Munici-
pal Wastewater Reclamation Survey, estimated a total of
358 mgd (14,800 I/s) treated municipal wastewater was
being reused. This represents a 50 percent increase from
the survey undertaken by CWRCB in 1987. The waste-
water is treated at 234 treatment plants and is being re-
used at approximately 4,840 sites (CWRCB, 2000). Fig-
ures 4-1 and 4-2 show the types of reuse occurring in
California and Florida, respectively.



Figure 4-1. California Water Reuse by Type
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Figure 4-2. Florida Water Reuse by Type
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Every 5 years, the U.S. Geological Survey (USGS) com-
piles an estimate of national reclaimed water use that is
entered in a national database system and publishes its
findings in a national circular, Estimated Use of Water in
the United States. The 1995 publication estimated that
approximately 983 mgd (43,060 I/s) of the effluent dis-
charged inthe U.S. was released for beneficial reuse, an
increase of 55 mgd (2,410 I/s) from the 1990 estimate
(Perlman et al., 1998). More current estimates were not
available from the USGS at the time of this update, but it
is anticipated that the 2000 publication will be available
at the time these guidelines are published.
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Most states do not have regulations that cover all poten-
tial uses of reclaimed water. Arizona, California, Colo-
rado, Florida, Hawaii, Nevada, New Jersey, Oregon,
Texas, Utah, and Washington have extensive regulations
or guidelines that prescribe requirements for a wide range
of end uses of the reclaimed water. Other states have
regulations or guidelines that focus upon land treatment
of wastewater effluent, emphasizing additional treatment
or effluent disposal rather than beneficial reuse, even
though the effluent may be used for irrigation of agricul-
tural sites, golf courses, or public access lands.

Based on the inventory, current regulations and guide-
lines may be divided into the following reuse catego-
ries:

m Unrestricted urban reuse —irrigation of areas in which
public access is not restricted, such as parks, play-
grounds, school yards, and residences; toilet flush-
ing, air conditioning, fire protection, construction, or-
namental fountains, and aesthetic impoundments.

Restricted urban reuse — irrigation of areas in which
public access can be controlled, such as golf
courses, cemeteries, and highway medians.

m Agricultural reuse on food crops — irrigation of food
crops which are intended for direct human consump-
tion, often further classified as to whether the food
crop is to be processed or consumed raw.

m Agricultural reuse on non-food crops — irrigation of
fodder, fiber, and seed crops, pasture land, com-
mercial nurseries, and sod farms.

Unrestricted recreational reuse — an impoundment
of water in which no limitations are imposed on body-
contact water recreation activities.

Restricted recreational reuse — an impoundment of
reclaimed water in which recreation is limited to fish-
ing, boating, and other non-contact recreational ac-
tivities.

m Environmental reuse — reclaimed water used to cre-
ate manmade wetlands, enhance natural wetlands,
and sustain or augment stream flows.

m Industrial reuse — reclaimed water used in industrial
facilities primarily for cooling system make-up wa-
ter, boiler-feed water, process water, and general
washdown.



m Groundwater recharge — using either infiltration  ba-
sins, percolation ponds, or injection wells to recharge
aquifers.

m Indirect potable reuse — the intentional discharge of
highly treated reclaimed water into surface waters
or groundwater that are or will be used as a source
of potable water.

Table 4-1 (on the following page) provides an overview
of the current water reuse regulations and guidelines
by state and by reuse category. The table identifies those
states that have regulations, those with guidelines, and
those states that currently do not have either. Regula-
tions refer to actual rules that have been enacted and
are enforceable by government agencies. Guidelines, on
the other hand, are not enforceable but can be used in
the development of a reuse program.

The majority of current state regulations and guidelines
pertain to the use of reclaimed water for urban and ag-
ricultural irrigation. At the time of the survey, the only
states that had specific regulations or guidelines regard-
ing the use of reclaimed water for purposes other than
irrigation were Arizona, California, Colorado, Florida,
Hawaii, Massachusetts, Nevada, New Jersey, North
Carolina, Oregon, South Dakota, Texas, Utah, and
Washington. The 1995 Substitute Senate Bill 5605, “Re-
claimed Water Act,” passed in the State of Washington,
states that reclaimed water is no longer considered
wastewater (Van Riper et al., 1998).

Table 4-2.

Table 4-2 shows the number of states with regulations
or guidelines for each type of reuse. The category of
unrestricted urban reuse has been subdivided to indi-
cate the number of states that have regulations pertain-
ing to urban reuse not involving irrigation.

States with regulations or guidelines pertaining to the
use of reclaimed water for the following unrestricted ur-
ban reuse categories are:

m Toilet Flushing — Arizona, California, Florida, Ha-
waii, Massachusetts, New Jersey, North Carolina,
Texas, Utah, and Washington

m Fire Protection — Arizona, California, Florida, Ha-
waii, New Jersey, North Carolina, Texas, Utah, and
Washington

m Construction Purposes — Arizona, California, Florida,
Hawaii, New Jersey, North Carolina, Oregon, Utah,
and Washington

m Landscape or Aesthetic Impoundments — Arizona,
California, Colorado, Florida, Hawaii, Nevada, New
Jersey, North Carolina, Oregon, Texas, and Wash-
ington

m Street Cleaning — Arizona, California, Florida, Ha-
waii, North Carolina, and Washington

Number of States with Regulations or Guidelines for Each Type of Reuse Application

Type of Reuse Number of States
Unrestricted Urban 28
Irrigation 28
Toilet Flushing 10
Fire Protection 9
Construction 9
Landscape Impoundment 11
Street Cleaning 6
Restricted Urban 34
Agricultural (Food Crops) 21
Agricultural (Non-food Crops) 40
Unrestricted Recreational 7
Restricted Recreational 9
Environmental (Wetlands) 3
Industrial 9
Groundwater Recharge (Nonpotable Aquifer) 5
Indirect Potable Reuse 5




Table 4-1. Summary of State Reuse Regulations and Guidelines
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It is important to understand that because a state does
not have specific guidelines or regulations for a particu-
lar type of reuse as defined in this chapter, it does not
mean that the state does not allow that type of reuse
under other uses. Also, some states allow consideration
of reuse options that are not addressed within their ex-
isting guidelines or regulations. For example, Florida’s
rules governing water reuse enable the state to permit
other uses, if the applicant demonstrates that public
health will be protected.

41.1 Reclaimed Water Quality and
Treatment Requirements

Requirements for water quality and treatment receive
the most attention in state reuse regulations. States that
have water reuse regulations or guidelines have set stan-
dards for reclaimed water quality and/or specified mini-
mum treatment requirements. Generally, where unre-
stricted public exposure is likely in the reuse applica-
tion, wastewater must be treated to a high degree prior
to its application. Where exposure is not likely, how-
ever, a lower level of treatment is usually accepted. The
most common parameters for which water quality limits
are imposed are biochemical oxygen demand (BOD),
total suspended solids (TSS), and total or fecal coliform
counts. Total and fecal coliform counts are generally used
as indicators to determine the degree of disinfection. A

limit on turbidity is usually specified to monitor the per-
formance of the treatment facility.

This discussion on reclaimed water quality and treatment
requirements is based on the regulations from the follow-
ing states: Arizona, California, Florida, Hawaii, Nevada,
Texas, and Washington. These regulations were chosen
because these states provide a collective wisdom of suc-
cessful reuse programs and long-term experience.
41.1.1 Unrestricted Urban Reuse

Unrestricted urban reuse involves the use of reclaimed
water where public exposure is likely in the reuse appli-
cation, thereby necessitating a high degree of treatment.
In general, all states that specify a treatment process
require a minimum of secondary treatment and treat-
ment with disinfection prior to unrestricted urban reuse.
However, the majority of states require additional lev-
els of treatment that may include oxidation, coagula-
tion, and filtration. Texas does not specify the type of
treatment processes required and only sets limits on
the reclaimed water quality. Table 4-3 shows the re-
claimed water quality and treatment requirements for
unrestricted urban reuse.

Where specified, limits on BOD range from 5 mg/l to 30
mg/l. Texas requires that BOD not exceed 5 mg/l (monthly

Table 4-3. Unrestricted Urban Reuse
Arizona California Florida Haw aii Nevada Texas Washington
Secondary Oxidized, Secondary - Oxidized,
treatment coagulated treatment, Oxidized, Secondary coagulated
Treatment | .~ - ' 039 ' | filtration, and | filtered, and | treatment and NS @ -0ag '
filtration, and filtered, and . g . . filtered, and
. . .. high-level disinfected disinfection .
disinfection disinfected L . disinfected
disinfection
BOD, NS NS 20 mg/l NS 30 /l 5 /l 30 /l
5 CBOD; mg mg mg
TSS NS NS 5.0 mg/l NS NS NS 30 mgl/l
- 2 NTU (Avg) | 2 NTU (Avg) 2 NTU (Avg)
Turbidity NS 2 NTU (Max) NS 3NTU
5NTU (Max) | 5 NTU (Max) 5 NTU (Max)
Fecal Total Fecal Fecal Fecal Fecal Total
0,
None 2.2/100 ml 75% of 2.2/100ml | 2.2/100ml | 20/100 ml 2.2/100 ml
detectable (Avg) samples below (Avg) (Avg) (Avg) (Avg)
Coliform (Avg) 9 detection g g g g
23/100 ml 23/100 mi 25/100 ml 23/100 m 23/100 ml 75/100 ml 23/100 ml
(Max) (Max in 30 (Max) (Max in 30 (Max) (Max) (Max)
days) days)

@ NS - Not specified by state regulations
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average) except when reclaimed water is used for land-
scape impoundments. In that case, BOD is limited to 10
mg/l. Nevada, on the other hand, requires that BOD not
exceed 30 mg/l prior to unrestricted urban reuse. Limits
on TSS vary from 5 mg/l to 30 mg/I. Florida requires a
TSS limit of 5.0 mg/I prior to disinfection and Washing-
ton requires that TSS not exceed 30 mg/I.

Average fecal and total coliform limits range from non-
detectable to 20/100 ml. Higher single sample fecal and
total coliform limits are allowed in several state regula-
tions. Florida requires that 75 percent of the fecal coliform
samples taken over a 30-day period be below detectable
levels, with no single sample in excess of 25/100 ml,
while Texas requires that no single fecal coliform count
exceed 75/100 ml.

In general and where specified, limits on turbidity range
from 2 to 5 NTU. Most of the states require an average
turbidity limit of 2 NTU and a not-to-exceed limit of 5
NTU, although Hawaii’s guidelines identify a not-to-ex-
ceed limit of 2 NTU. Florida requires continuous on-line
monitoring of turbidity as an indicator that the TSS limit
of 5.0 mg/l is being met. No limit is specified but turbid-
ity setpoints used in Florida generally range from 2 to
2.5 NTU. California specifies different turbidity require-
ments for wastewater that has been coagulated and
passed through natural and undisturbed soils or a bed of
filter media, as well as wastewater passed through mem-
branes. For the first, turbidity is not to exceed 5 NTU for

more than 5 percent of the time within a 24-hour period
and not to exceed 10 NTU at any time. For the latter,
turbidity is not to exceed 0.2 NTU more than 5 percent of
the time within a 24-hour period and not to exceed 0.5
NTU at any time.

At this time, no states have set limits on certain patho-
genic organisms for unrestricted urban reuse. However,
Florida does require monitoring of Giardia and
Cryptosporidium with sampling frequency based on
treatment plant capacity. For systems less than 1 mgd
(441/s), sampling is required one time during each 5-year
period. For systems equal to or greater than 1 mgd (44 1/
s), sampling is required one time during each 2-year pe-
riod. Samples are to be taken following the disinfection
process.
41.1.2 Restricted Urban Reuse

Restricted urban reuse involves the use of reclaimed
water where public exposure to the reclaimed water is
controlled; therefore, treatment requirements may not
be as strict as for unrestricted urban reuse. Six states,
which regulate both unrestricted and restricted urban
reuse, adjusted requirements downward for the restricted
category. Florida imposes the same requirements on
both unrestricted and restricted urban access reuse.
Table 4-4 shows the reclaimed water quality and treat-
ment requirements for restricted urban reuse.

Table 4-4. Restricted Urban Reuse
Arizona California Florida Haw aii Nevada Texas Washington
Secondary
Secondary Secondary — treatment, - Secondary -
Treatment | treatmentand | 23, oxidized, | filtration, and Ox.|c?|zed and treatment and NS ® Ox.|c?|zed and
. . L . disinfected . . disinfected
disinfection [and disinfected high-level disinfection
disinfection
20 mg/l
BOD,
5 NS NS CBOD: NS 30 mg/l 20 mg/l 30 mg/l
TSS NS NS 5 mgl/l NS NS NS 30 mg/l
- 2 NTU (Avg)
Turbidity NS NS NS 2 NTU (Max) NS 3NTU
5 NTU (Max)
Fecal Total Fecal Fecal Fecal Fecal Total
75% of
200/100 ml 23/100 ml 23/100 ml 23/100 ml 200/200 ml 23/100 ml
(Avg) (Avg)  |Samples below (Avg) (Avg) (Avg) (Avg)
Coliform 9 9 detection g g 9 d
800/100 ml %&Zj?r?g(])l 25/100 ml 200/100 ml 240/100 mi 800/100 ml 240/100 ml
(Max) days) (Max) (Max) (Max) (Max) (Max)

M NS - Not specified by state regulations
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Table 4-5. Agricultural Reuse - Food Crops
Arizona California Florida Haw aii Nevada Texas Washington
Secondary Oxidized, Secondary . Oxidized,
treatment coagulated treatment, Oxidized, Secondary coagulated
Treatment . ) ’ -0ag ! filtration, and filtered, and treatment and NS (1) -0ag ’
filtration, and filtered, and . . o ) filtered, and
. . g high-level disinfected disinfection .
disinfection disinfected S . disinfected
disinfection
BOD5 NS NS 20 mg/l NS 30 /l 5 /l 30 /l
CBODs mg mg mg
TSS NS NS 5 mg/l NS NS NS 30 mgl/l
2NTU (Avg) | 2 NTU (Avg) 2NTU (Avg)
Turbidity NS 2 NTU (Max) NS 3NTU
5NTU (Max) [ 5 NTU (Max) 5 NTU (Max)
Fecal Total Fecal Fecal Fecal Fecal Total
0,
None 2.2/100 ml 75% of 2.2/100ml | 200/100 ml | 20/100 ml 2.2/100 ml
detectable (Avg) samples below (Avg) (Avg) (Avg) (Avg)
Coliform (Avg) 9 detection 9 g 9 9
23/100 ml 23/10.0 m 25/100 ml 23/10.0 ml 400/100 ml 75/100 ml 23/100 ml
(Max) (Maxin 30 (Max) (Maxin 30 (Max) (Max) (Max)
days) days)

M NS - Not specified by state regulations

In general, the states require a minimum of secondary or
biological treatment followed by disinfection prior to re-
stricted urban reuse. Florida requires additional levels of
treatment with filtration and possibly coagulation prior to
restricted urban reuse. As in unrestricted urban reuse,
Texas does not specify the type of treatment processes
required and only sets limits on the reclaimed water qual-

ity.

Where specified, limits on average BOD range from 20
mg/l to 30 mg/l. Florida and Texas require that BOD not
exceed 20 mg/l, while Nevada and Washington require
that BOD not exceed 30 mg/l prior to restricted urban
reuse. Limits on TSS vary from 5 mg/l to 30 mg/l. Florida
requires that TSS not exceed 5.0 mg/l, while Washing-
ton requires that TSS not exceed 30 mg/l. As in unre-
stricted urban reuse, for those states that do not specify
limitations on BOD or TSS, a patrticular level of treat-
ment is usually specified.

Average fecal coliform limits range from non-detectable
to 200/100 ml, with some states allowing higher single
sample fecal coliform limits. As for unrestricted urban
reuse, Florida requires that 75 percent of the fecal coliform
samples taken over a 30-day period be below detectable
levels, with no single sample in excess of 25/100 ml.
Arizona and Texas require that no single fecal coliform
count exceed 800/100 ml.

Washington is the only state that sets a limit on turbidity
for restricted urban reuse with an average turbidity limit
of 2 NTU and a not-to-exceed at any time limit of 5 NTU.

At this time, no states have set limits on certain patho-
genic organisms for restricted urban reuse. However,
Florida does require monitoring of Giardia and
Cryptosporidium with sampling frequency as noted in
Section 4.1.1.1.

4.1.1.3 Agricultural Reuse - Food Crops

The use of reclaimed water for irrigation of food crops is
prohibited in some states, while others allow irrigation
of food crops with reclaimed water only if the crop is to
be processed and not eaten raw. Nevada allows only
surface irrigation of fruit or nut bearing trees. Treatment
requirements range from secondary treatment in Ne-
vada for irrigation of processed food crops, to oxida-
tion, coagulation, filtration, and disinfection in Arizona,
California, Florida, Hawaii, and Washington. Table 4-5
shows the reclaimed water quality and treatment require-
ments for irrigation of food crops.

Most states require a high level of treatment when re-
claimed water is used for edible crops, especially those
that are to be consumed raw. As in other reuse applica-
tions, however, existing regulations on treatment and
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water quality requirements vary from state to state and
depend largely on the type of irrigation employed and
the type of food crop being irrigated. For example, for
foods consumed raw, Washington requires that the re-
claimed water be oxidized and disinfected when sur-
face irrigation is used, with the mean total coliform count
not to exceed 2.2/100 ml. When spray irrigation is uti-
lized, Washington requires that the reclaimed water be
oxidized, coagulated, filtered, and disinfected, with the
mean total coliform count not to exceed 2.2/100 ml. For
processed foods, Washington requires only oxidation
and disinfection regardless of the type of irrigation, with
a 7-day mean total coliform count of 240/100 ml.

Where specified, limits on BOD range from 5 mg/I to 30
mg/l. Texas requires a monthly average BOD limit of 5
mg/l when reclaimed water will be used to irrigate un-
processed food crops. In Texas, spray irrigation is not
permitted on foods that may be consumed raw, and only
irrigation types that avoid reclaimed water contact with
edible portions of food crops are acceptable. Florida
requires that the annual average CBOD not exceed 20
mg/I after secondary treatment with filtration and high-
level disinfection, while Texas requires that the BOD not
exceed 30 mg/l (monthly average) when the reclaimed
water is treated using a pond system and is to be used
to irrigate food crops undergoing processing.

Limits on TSS vary from 5 mg/l to 30 mg/I. Florida re-
quires that TSS not exceed 5.0 mg/l in any one sample
prior to disinfection, while Washington requires that the
TSS not exceed 30 mg/l (monthly average). In Florida,
direct contact (spray) irrigation of edible crops that will
not be peeled, skinned, cooked, or thermally-processed
before consumption is not allowed except for tobacco
and citrus. Indirect contact methods (ridge and furrow,
drip, subsurface application system) can be used on
any type of edible crop. California allows for direct con-
tact irrigation with the edible portion of the crop.

Average fecal and total coliform limits range from non-
detectable to 200/100 ml. Arizona requires no detect-
able limit for fecal coliform when reclaimed water will be
used for spray irrigation of food crops. Florida requires
that 75 percent of the fecal coliform samples taken over
a 30-day period be below detectable levels, with no
single sample in excess of 25/100 ml. Conversely, Ne-
vada requires a maximum fecal coliform count of less
than 400/100 ml with only surface irrigation of fruit and
nut bearing trees. Again, some states allow higher single
sample coliform counts.

Limits on turbidity range from 2 to 10 NTU. For example,
California requires that turbidity not exceed 2 NTU within
a 24-hour period, not exceed 5 NTU more than 5 per-
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cent of the time, and not exceed a maximum of 10 NTU
at any time for reclaimed water that has been coagu-
lated and passed through natural undisturbed soils or a
bed of filter media and is irrigated on food crops to be
consumed raw. California requires that the turbidity not
exceed 0.2 NTU more than 5 percent of the time and not
exceed a maximum of 0.5 NTU at any time for reclaimed
water that has been passed through a membrane and is
irrigated on food crops to be consumed raw. Hawaii re-
quires that the detectable turbidity not exceed 5 NTU for
more than 15 minutes and never exceed 10 NTU prior to
filtration for reclaimed water used for spray irrigation of
food crops.

At this time, no states have set limits on certain patho-
genic organisms for agricultural reuse on food crops.
Florida does require monitoring of Giardia and
Cryptosporidium with sampling frequency as noted in
Section 4.1.1.1.

4114 Agricultural Reuse — Non-food Crops
The use of reclaimed water for agricultural irrigation of
non-food crops presents a reduced opportunity of hu-
man exposure to the water, resulting in less stringent
treatment and water quality requirements than other
forms of reuse. In the majority of the states, secondary
treatment followed by disinfection is required, although
Hawaii also requires filtration. Table 4-6 shows the re-
claimed water quality and treatment requirements for
irrigation of non-food crops.

Where specified, limits on BOD range from 5 mg/l to 30
mg/l. Texas requires that BOD not exceed 5 mg/l
(monthly average) except when reclaimed water is used
for landscape impoundments, in which case BOD is lim-
ited to 10 mg/l. Florida requires that the annual average
CBOD not exceed 20 mg/l after secondary treatment and
basic disinfection. Washington and Nevada require that
BOD not exceed 30 mg/l as a monthly average. Limits on
TSS vary from 20 mg/I to 30 mg/I. Florida requires that
the annual average TSS not exceed 20 mg/l except when
a subsurface application is used, in which case the single
sample TSS limit is 10 mg/l. Washington requires a
monthly mean of 30 mg/I TSS.

Average fecal and total coliform limits range from 2.2/100
ml for Hawaii to 200/100 ml for Arizona and Florida. There
are several states that do not require disinfection if cer-
tain buffer requirements are met. For example, Nevada
requires no disinfection with a minimum buffer zone of
800 feet for spray irrigation of non-food crops. Some states
allow higher single sample coliform counts. For example,
Arizona requires that no single fecal coliform count ex-



Table 4-6.

Agricultural Reuse - Non-Food Crops

Arizona California Florida Haw aii Nevada Texas Washington
Secondary |Secondary-23, ?ree(;ct):ndeirty Oxidized, Secondary Oxidized and
Treatment treatment and | Oxidized, and . ! filtered, and treatment and NS @ .
. . L basic g . . disinfected
disinfection disinfected i . disinfected disinfection
disinfection
BOD, NS NS 20 mg/l NS 30 /l 5 /l 30 /l
5 CBODs mg mg mg
TSS NS NS 20 mgl/l NS NS NS 30 mg/l
2 NTU (Avg)
Turbidity NS NS NS 2 NTU (Max) NS 3NTU
5 NTU (Max)
Fecal Total Fecal Fecal Fecal Fecal Total
200/100 ml 23/100 ml 200/100 ml 2.2/100 ml 200/100 ml 20/100 ml 23/100 ml
Sl (Avg) (Avg) (Avg) (Avg) (Avg) (Avg) (Avg)
800/100 ml ?;f;’i?r?;)' 800/100 ml | 23/200mi | 400/100ml | 75/100 ml | 240/100 ml
(Max) days) (Max) (Max) (Max) (Max) (Max)

M NS - Not specified by state regulations

ceed 4,000/100 ml when reclaimed water will be used for
irrigation of pasture for non-dairy animals.

At this time, Hawaii, Texas, and Washington require lim-
its on turbidity for reclaimed water used for agricultural
reuse on non-food crops. Washington requires that the
turbidity not exceed 2 NTU as an average and not ex-
ceed 5 NTU at any time. Texas requires a turbidity limit
of 3 NTU for reclaimed water that will be used for irriga-
tion of pastures for milking animals. Hawaii, on the other
hand, requires the detectable turbidity not exceed 5 NTU
for more than 15 minutes and never exceed 10 NTU
prior to filtration for reclaimed water used for spray irri-
gation of pastures for milking and other animals.

At this time, no states have set limits on certain patho-
genic organisms for agricultural reuse on non-food
crops.
41.1.5 Unrestricted Recreational Reuse

As with unrestricted urban reuse, unrestricted recre-
ational reuse involves the use of reclaimed water where
public exposure is likely, thereby necessitating a high
degree of treatment. Only 4 of the 7 states (California,
Nevada, Texas, and Washington) have regulations or
guidelines pertaining to unrestricted recreational reuse.
Table 4-7 shows the reclaimed water quality and treat-
ment requirements for unrestricted recreational reuse.

Nevada requires secondary treatment with disinfection,
while California requires oxidation, coagulation, clarifica-
tion, filtration, and disinfection. Where specified, limits
on BOD range from 5 mg/l to 30 mg/l. Texas requires
that BOD not exceed 5 mg/l as a monthly average, while
Washington requires that BOD not exceed 30 mg/I prior
to unrestricted recreational reuse. Washington is the only
state to set a limit on TSS and requires 30 mg/l or less
as a monthly average. All states, except Texas, require
that the median total coliform count not exceed 2.2/100
ml, with no single sample to exceed 23/100 ml. Texas
requires that the median fecal coliform count not ex-
ceed 20/100 ml, with no single sample to exceed 75/
100 ml.

Limits on turbidity generally range from 2 NTU to 5 NTU.
Most of the states require an average turbidity limit of 2
NTU and a not-to-exceed limit of 5 NTU. California speci-
fies different turbidity requirements for wastewater that
has been coagulated and passed through natural and
undisturbed soils or a bed of filter media as well as
wastewater passed through membranes. For the first,
turbidity is not to exceed 5 NTU for more than 5 percent
of the time within a 24-hour period and not to exceed 10
NTU at any time. For the latter, turbidity is not to ex-
ceed 0.2 NTU more than 5 percent of the time within a
24-hour period and not to exceed 0.5 NTU at any time.
Texas requires a turbidity limit of 3 NTU, and Nevada
does not specify a limit on turbidity.
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Table 4-7. Unrestricted Recreational Reuse
Arizona California Florida Haw aii Nevada Texas Washington
Oxidized, oxidized,
coagulated, Secondary coaqulated
Treatment NR @& clarified, NR NR treatment and NS -0ag !
X L R filtered, and
filtered, and disinfection .
g disinfected
disinfected
BOD, NR NS® NR NR 30 mg/l 5 mgl/l 30 mg/l
TSS NR NS NR NR NS NS 30 mg/l
. 2 NTU (Av 2 NTU (Av
Turbidity NR (Avg) NR NR NS 3NTU (Avg)
5 NTU (Max) 5NTU (Max)
Total Fecal Fecal Fecal
2.2/100 ml 2.2/100 ml 2.2/100 ml
20/100 ml (Av
Coliform NR (Avg) NR NR (Avg) (Ava) (Avg)
23/100 ml (Max 23/100 ml 75/100 ml 23/100 ml
in 30 days) (Max) (Max) (Max)
(1) NR - Not regulated by the state
(2) NS - Not specified by state regulations
Table 4-8. Restricted Recreational Reuse
Arizona California Florida Haw aii Nevada Texas Washington
?reeca(:;(eje?qrty Secondary-23, Oxidized, Secondary Oxidized and
Treatment L ’ oxidized, and NR @ filtered, and |treatment and NS L
filtration, and . . . . disinfected
L . disinfected disinfected disinfection
disinfection
BOD; NS® NS NR NS 30 mgl/l 20 mgl/l 30 mgl/l
TSS NS NS NR NS NS NS 30 mgl/l
- 2 NTU (Avg) 2 NTU (Avg)
Turbidity NS NR 2 NTU (Max) NS NS
5 NTU (Max) 5NTU (Max)
Fecal Total Fecal Fecal Fecal Total
None
. detectable | 2.2/100 ml (Avg) 2:2/100 ml | 2007100 ml | 200/100ml 5 5,1 ) 1) (Avg)
Coliform NR (Avg) (Avg) (Avg)
(Avg)
23/100 ml 23/100 ml (Max in 23/100 ml 23/100 ml 800/100 ml
(Max) 30 days) (Max) (Max) (Max) 23/100 mi (Max)

(1) NR - Not regulated by the state
(2) NS - Not specified by state regulations

At this time, no states have set limits on certain patho-
genic organisms for unrestricted recreational reuse.
4.1.1.6 Restricted Recreational Reuse

State regulations and guidelines regarding treatment and

water quality requirements for restricted recreational re-
use are generally less stringent than for unrestricted rec-
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reational reuse since the public exposure to the reclaimed
water is less likely. Six of the 7 states (Arizona, Califor-
nia, Hawaii, Nevada, Texas, and Washington) have regu-
lations pertaining to restricted recreational reuse. With
the exception of Arizona and Hawaii, which require filtra-
tion, the remaining states require secondary treatment
with disinfection. Texas does not specify treatment pro-
cess requirements. Table 4-8 shows the reclaimed wa-



ter quality and treatment requirements for restricted rec-
reational reuse.

Nevada, Texas, and Washington have set limits on BOD
ranging from 20 mg/l to 30 mg/lI as a monthly average.
Only Washington has set limits on TSS of 30 mg/l as a
monthly average. Arizona requires no detectable fecal
coliform in 4 of the last 7 daily samples and a single
sample maximum of 23/100 ml. California, Hawaii, Ne-
vada, and Washington require that the median total
coliform count not exceed 2.2/100 ml. Texas, on the
other hand, requires that the median fecal coliform count
not exceed 200/100 ml and that a single sample not
exceed 800/100 ml.

Limits on turbidity are specified for Arizona, Hawaii, and
Washington. Arizona and Washington require a turbid-
ity of less than 2 NTU as an average and a not-to-exceed
maximum of 5 NTU. Hawaii specifies an effluent turbid-
ity requirement of 2 NTU. California, Nevada, and Texas
have not specified turbidity requirements for restricted
recreational reuse.

At this time, no states have set limits on certain patho-
genic organisms for restricted recreational reuse.
4.1.1.7 Environmental - Wetlands

A review of existing reuse regulations shows only 2 of
the 7 states (Florida and Washington) have regulations

pertaining to the use of reclaimed water for creation of
artificial wetlands and/or the enhancement of natural
wetlands. Table 4-9 shows the reclaimed water quality
and treatment requirements for environmental reuse.

Florida has comprehensive and complex rules governing
the discharge of reclaimed water to wetlands. Treatment
and disinfection levels are established for different types
of wetlands, different types of uses, and the degree of
public access. Most wetland systems in Florida are used
for tertiary wastewater treatment; and wetland creation,
restoration, and enhancement projects can be consid-
ered reuse. Washington also specifies different treatment
requirements for different types of wetlands and based
on the degree of public access. General compliance re-
quirements of 20 mg/I BOD and TSS, 3 mg/l total Kjeldahl
nitrogen (TKN), and 1 mg/l total phosphorus must be met
for all categories.

4118 Industrial Reuse

Five of the 7 states (California, Florida, Hawaii, Texas,
and Washington) have regulations or guidelines pertain-
ing to industrial reuse of reclaimed water. Table 4-10
shows the reclaimed water quality and treatment require-
ments for industrial reuse.

Reclaimed water quality and treatment requirements vary
based on the final use of the reclaimed water and expo-
sure potential (see Appendix A, Table A-8 for a sum-

Table 4-9. Environmental Reuse - Wetlands
Arizona California Florida® Haw aii Nevada Texas Washington
Advanced Oxidized,
Treatment NR @ NR NR NR NR coagulated,
treatment e
and disinfected
BOD, NR NR 5 mg/ICBODs NR NR NR 20 mg/l
TSS NR NR 5 mg/l NR NR NR 20 mg/l
Fecal
2.2/100 ml
Coliform NR NR NS @ NR NR NR (Avg)
23/100 ml
(Max)
Not to exceed
Total chronic
Ammonia NR NR 2 mg/l NR NR NR standards for
freshwater
Total P i
Fliespliers NR NR 1 mg NR NR NR 1mg

(1) Florida requirements are for discharge of reclaimed water to receiving wetlands

(2 NR - Not regulated by the state
(3) NS - Not specified by state regulations
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Table 4-10. Industrial Reuse®
Arizona | California Florida Haw aii Nevada Texas Washington
Oxidized feci”darty Oxidized Oxidized and
Treatment| NR®@ and reaimen and NR NS xlcized an
. and basic . disinfected
disinfected . . disinfected
disinfection
BOD, NR NS @ 20 mg/l NS NR 20 mg/l NS
TSS NR NS 20 mg/l NS NR NS
Turbidity NR NS NS NS NR 3NTU NS
Total Fecal Fecal Fecal Total
23/100 ml | 200/100 ml | 23/100 ml 200/100 ml
23/100 ml (Av
| (Avg) (Avg) (Avg) (Avg) (Avg)
Coliform NR NR
240/100 b g50/1 60 mi | 2007200 mi 800/100 ml |  240/100 ml
(Maxiin 30 1 1) (Max) (Avg) (Avg)
days) 9 9

(1) All state requirements are minimum values. Additional treatment may be required depending on expected

public exposure. Additional regulations for industrial systems are contained in Appendix A.

(2) NR - Not regulated by the state
(3) NS - Not specified by state regulations

mary of each state’s regulations). For example, Califor-
nia has different requirements for the use of reclaimed
water as cooling water, based on whether or not a mistis
created. If a mist is created, oxidation, coagulation, fil-
tration, and disinfection are required and total coliform
limits of 2.2/100 ml as a weekly median must be met. If
a mistis not created, only oxidation and disinfection are
required and total coliform limits of 23/100 ml as a weekly
median must be met.

4.1.1.9 Groundwater Recharge

Spreading basins, percolation ponds, and infiltration ba-
sins have a long history of providing both effluent dis-
posal and groundwater recharge. Most state regulations
allow for the use of relatively low quality water (i.e., sec-
ondary treatment with basic disinfection) based on the
fact that these systems have a proven ability to provide
additional treatment. Traditionally, potable water supplies
have been protected by requiring a minimum separa-
tion between the point of application and any potable
supply wells. These groundwater systems are also typi-
cally located so that their impacts to potable water with-
drawal points are minimized. While such groundwater re-
charge systems may ultimately augment potable aqui-

fers, that is not their primary intent and experience sug-
gests current practices are protective of raw water sup-
plies.

Based on a review of the existing reuse regulations and
guidelines, California, Florida, Hawaii, and Washington
have regulations or guidelines for reuse with the spe-
cific intent of groundwater recharge of aquifers. Table
4-11 shows reclaimed water quality and treatment re-
quirements for groundwater recharge via rapid-rate ap-
plication systems.

For groundwater recharge, California and Hawaii do not
specify required treatment processes and determine re-
quirements on a case-by-case basis. The California and
Hawaii Departments of Health Services base the evalua-
tion on all relevant aspects of each project including treat-
ment provided, effluent quality and quantity, effluent or
application spreading area operation, soil characteristics,
hydrogeology, residence time, and distance to withdrawal.
Hawaii does require a groundwater monitoring program.

Washington has extensive guidelines for the use of re-
claimed water for direct groundwater recharge of
nonpotable aquifers. It requires Class A reclaimed wa-
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Table 4-11. Groundwater Recharge @
Arizona | California® Florida Haw aii Nevada Texas Washington
Secondary Oxidized,
treatment and coagulated
Treatment ® )
NR basic NR NR filtered, and
disinfection disinfected
BOD, NR NS® NR NR 5 mgl/l
TSS NR 10.0 mgl/I NR NR 5 mg/l
2 NTU (Av
Turbidity NR Case-by-case NS Case-by-case NR NR (Avg)
basis basis 5NTU (Max)
Total
2.2/100 ml
Coliform NR NS NR NR (Avg)
23/100 ml
(Max)
Total i
Nitrogen NR 12 mg NR NR NS

(1) All state requirements are for groundwater recharge via rapid-rate application systems. Additional regulations
for recharge of potable aquifers are contained in Section 4.1.1.10 and Appendix A.
(2) Groundwater recharge in California and Hawaii is determined on a case-by-case basis

(3) NR - Not regulated by the state
(4) NS - Not specified by state regulations

ter defined as oxidized, coagulated, filtered, and disin-
fected. Total coliform is not to exceed 2.2/100 ml as a
7-day median and 23/100 ml in any sample. Weekly
average BOD and TSS limits are set at 5 mg/Il. Turbidity
is not to exceed 2 NTU as a monthly average and 5
NTU in any sample. Additionally, groundwater monitor-
ing is required and is based on reclaimed water quality
and quantity, site-specific soil and hydrogeologic char-
acteristics, and other considerations. Washington also
specifies that reclaimed water withdrawn for nonpotable
purposes can be withdrawn at any distance from the
point of injection and at any time after direct recharge.

Florida requires that TSS not exceed 5.0 mg/l in any
sample, be achieved prior to disinfection, and that the
total nitrogen in the reclaimed water be less than 12 mg/
l. Florida also requires continuous on-line monitoring of
turbidity; however, no limit is specified.

4.1.1.10 Indirect Potable Reuse

Indirect potable reuse involves the use of reclaimed wa-
ter to augment surface water sources that are used or
will be used for public water supplies or to recharge ground-
water used as a source of domestic water supply. Un-
planned indirect potable water reuse is occurring in many
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river systems today. Many domestic wastewater treat-
ment plants discharge treated effluent to surface waters
upstream of intakes for domestic water supply treatment
plants. Additionally, many types of beneficial reuse
projects inadvertently contribute to groundwater augmen-
tation as an unintended result of the primary activity. For
example, irrigation can replenish groundwater sources
that will eventually be withdrawn for use as a potable
water supply. Indirect potable reuse systems, as defined
here, are distinguished from typical groundwater recharge
systems and surface water discharges by both intent
and proximity to subsequent withdrawal points for po-
table water use. Indirect potable reuse involves the in-
tentional introduction of reclaimed water into the raw water
supply for the purposes of increasing the total volume of
water available for potable use. In order to accomplish
this objective, the point at which reclaimed water is intro-
duced into the environment must be selected to ensure
it will flow to the point of withdrawal. Typically the design
of these systems assumes there will be little to no addi-
tional treatment in the environment after discharge, and
all applicable water quality requirements are met prior to
release of the reclaimed water.

Based on a review of the existing reuse regulations and
guidelines, 4 of the 7 states (California, Florida, Hawaii,



and Washington) have regulations or guidelines pertain-
ing to indirect potable reuse. For groundwater recharge
of potable aquifers, most of the states require a pretreat-
ment program, public hearing requirements prior to project
approval, and a groundwater monitoring program. Florida
and Washington require pilot plant studies to be performed.
In general, all the states that specify treatment processes
require secondary treatment with filtration and disinfec-
tion. Washington is the only state that specifies the waste-
water must be treated by reverse osmosis. California and
Hawaii do not specify the type of treatment processes
required and determine requirements on a case-by-case
basis.

Most states specify reclaimed water quality limitations
for TSS, nitrogen, total organic carbon (TOC), turbidity,
and total coliform. Florida requires that TSS not exceed
5.0 mg/lin any sample and be achieved prior to disinfec-
tion. Florida and Washington require the total nitrogen in
the reclaimed water to be less than 10 mg/l. Washington
has a limit of 1 mg/l for TOC, while Florida’s limit is set
at 3 mg/l as a monthly average. Florida also requires an
average limit of 0.2 mg/l for total organic halides (TOX).
Turbidity limits vary greatly where specified. For example,
Washington specifies a limit of 0.1 NTU as a monthly
average and 0.5 NTU as a maximum at any time. Florida
requires continuous on-line monitoring of turbidity; how-
ever, no limit is specified. Fecal coliform limits also vary
greatly from state to state. Washington requires a limit
of 1/100 ml for total coliform as a weekly median and a
not to exceed limit of 5/100 ml in any one sample for
direct injection into a potable aquifer. The states that
specify reclaimed water quality limitations require the re-
claimed water to meet drinking water standards.

Most states specify a minimum time the reclaimed water
must be retained underground prior to being withdrawn
as a source of drinking water. Washington requires that
reclaimed water be retained underground for a minimum
of 12 months prior to being withdrawn as a drinking water
supply. Several states also specify minimum separation
distances between a point of recharge and the point of
withdrawal as a source of drinking water. Florida requires
a 500-foot (150-meter) separation distance between the
zone of discharge and potable water supply well. Wash-
ington requires the minimum horizontal separation dis-
tance between the point of direct recharge and point of
withdrawal as a source of drinking water supply to be
2,000 feet (610 meters). Table 4-12 shows the reclaimed
water quality and treatment requirements for indirect po-
table reuse.

Florida includes discharges to Class | surface waters
(public water supplies) as indirect potable reuse. Dis-
charges less than 24 hours travel time upstream from
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Class | waters are also considered as indirect potable
reuse. Surface water discharges located more than 24
hours travel time to Class | waters are not considered
indirect potable reuse. For discharge to Class | surface
waters or water contiguous to or tributary to Class | wa-
ters (defined as a discharge located less than or equal to
4 hours travel time from the point of discharge to arrival
at the boundary of the Class | water), secondary treat-
ment with filtration, high-level disinfection, and any addi-
tional treatment required to meet TOC and TOX limits is
required. The reclaimed water must meet primary and
secondary drinking water standards, except for asbes-
tos, prior to discharge. TSS must not exceed 5.0 mg/lin
any sample prior to disinfection and total nitrogen cannot
exceed 10 mg/l as an annual average. The reclaimed
water must also meet TOC limitations of 3 mg/l as a
monthly average and 5 mg/l in any single sample. Outfalls
for surface water discharges are not to be located within
500 feet (150 meters) of existing or approved potable
water intakes within Class | surface waters.

41.2 Reclaimed Water Monitoring
Requirements

Reclaimed water monitoring requirements vary greatly
from state to state and again depend on the type of re-
use. For unrestricted urban reuse, Oregon requires sam-
pling for coliform daily, while for agricultural reuse of
non-food crops, sampling for total coliform is only re-
quired once a week. Oregon also requires hourly moni-
toring of turbidity when a limit on turbidity is specified.

For unrestricted and restricted urban reuse, as well as
agricultural reuse on food crops, Florida requires the
continuous on-line monitoring of turbidity and chlorine
residual. Even though no limits on turbidity are speci-
fied in Florida, continuous monitoring serves as an on-
line surrogate for suspended solids. In addition, Florida
requires that the TSS limit be achieved prior to disinfec-
tion and has a minimum schedule for sampling and test-
ing flow, pH, chlorine residual, dissolved oxygen, TSS,
CBOD, nutrients, and fecal coliform based on system
capacity. Florida also requires an annual analysis of pri-
mary and secondary drinking water standards for re-
claimed water used in irrigation for facilities greater than
100,000 gpd (4.4 l/s). Monitoring for Giardia and
Cryptosporidium must also be performed with frequency
dependent on system capacity. Other states determine
monitoring requirements on a case-by-case basis de-
pending on the type of reuse.

4.1.3 Treatment Facility Reliability

Some states have adopted facility reliability regulations
or guidelines in place of, or in addition to, water quality



Table 4-12. Indirect Potable Reuse @
Arizona California® Florida Haw aii Nevada Texas Was hington
Advanced Oxidized,
treatment, coagulated, filtered,
Treatment NR & filtration, and NR NR reverse-osmosis
high-level treated, and
disinfection disinfected
BOD; NR 20 mg/l NR NR 5 mg/l
TSS NR 5.0 mg/l NR NR 5 mgl/l
o 0.1 NTU (Avg)
Turbidit )
y NR NS NR NR 0.5 NTU (Max)
Total Total
. Case-by-case Case-by-
Coliform
NR basis Allsamples | case basis NR NR 1/100 ml (Avg)
less than
detection
5/100 ml (Max)
Total i p
Nitrogen NR 10 mg NR NR 10 mg
3 mg/l (Avg)
TOC NR NR NR 1.0 mg/l
5 mg/l (Max)
Prim ary i
Co_mpllance Compliance with
and NR with most NR NR most primary and
Secondary primary and se'?:ond;rl
Standards secondary y

(1) Florida requirements are for the planned use of reclaimed water to augment surface water sources that will be

used as a source of domestic water supply

(2) Indirect potable reuse in California and Hawaii is determined on a case-by-case basis

(3) NR - Not regulated by the state
(4) NS - Not specified by state regulations

requirements. Generally, requirements consist of alarms
warning of power failure or failure of essential unit pro-
cesses, automatic standby power sources, emergency
storage, and the provision that each treatment process
be equipped with multiple units or a back-up unit.

Articles 8, 9, and 10 of California’s Title 22 regulations
provide design and operational considerations covering
alarms, power supply, emergency storage and disposal,
treatment processes, and chemical supply, storage, and
feed facilities. For treatment processes, a variety of reli-
ability features are acceptable in California. For example,
for all biological treatment processes, one of the follow-
ing is required:

m Alarm (failure and power loss) and multiple units ca-
pable of producing biologically oxidized wastewater
with one unit not in operation

m Alarm (failure and power loss) and short-term (24-
hour) storage or disposal provisions and standby re-
placement equipment

m Alarm (failure and power loss) and long-term (20-day)
storage or disposal provisions

Florida requires Class | reliability of treatment facilities
when reclaimed water is used for irrigation of food crops
and for restricted and unrestricted urban reuse. Class |
reliability requires multiple treatment units or back-up units
and a secondary power source. In addition, @ minimum
of 1 day of reject water storage is required to store re-
claimed water of unacceptable quality for additional treat-
ment. Florida also requires staffing at the water reclama-
tion facility 24 hours/day, 7 days/week or 6 hours/day, 7
days/week. The minimum staffing requirement may be
reduced to 6 hours/day, 7 days/week if reclaimed water

163



is delivered to the reuse system only during periods when
a qualified operator is present, or if additional reliability
features are provided.

Florida has also established minimum system sizes for
treatment facilities to aid in assuring the continuous pro-
duction of high-quality reclaimed water. Minimum sys-
tem size for unrestricted and restricted urban reuse and
for use on edible crops is 0.1 mgd (4.4 1/s). A minimum
system size is not required if reclaimed water will be
used only for toilet flushing and fire protection uses.

Other states that have regulations or guidelines regard-
ing treatment facility reliability include Georgia, Hawaii,
Indiana, Massachusetts, North Carolina, Oregon, Utah,
Washington, and Wyoming. Washington’s guidelines
pertaining to treatment facility reliability are similar to
California’s regulations. Georgia, Massachusetts, North
Carolina, Oregon, and Wyoming require that multiple
treatment units be provided for all essential treatment
processes and a secondary or back-up power source
be supplied.
414 Reclaimed Water Storage

Current regulations and guidelines regarding storage
requirements are primarily based upon the need to limit
or prevent surface water discharge and are not related
to storage required to meet diurnal or seasonal varia-
tions in supply and demand. Storage requirements vary
from state to state and are generally dependent upon
geographic location and site conditions. For example,
Florida requires a minimum storage volume equal to 3
days of the average design flow, while South Dakota
requires a minimum storage volume of 210 days of the
average design flow. The large difference in time is pri-
marily due to the high number of non-irrigation days due
to freezing temperatures in the northern states. In addi-
tion to the minimum storage requirement, Florida also
requires that a water balance be performed based on a
1-in-10 year rainfall recurrence interval and a minimum
of 20 years of climatic data to determine if additional
storage is required beyond the minimum requirement of
3 days.

Most states that specify storage requirements do not
differentiate between operational and seasonal storage,
with the exception of Delaware, Georgia, and Ohio,
which require that both operational and wet weather stor-
age be considered. The majority of states that have stor-
age requirements in their regulations or guidelines re-
quire that a water balance be performed on the reuse
system, taking into account all inputs and outputs of
water to the system based on a specified rainfall recur-
rence interval.
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Presently, Florida is the only state with regulations or
guidelines for aquifer storage and recovery (ASR) of
reclaimed water. ASR systems using reclaimed water
are required to meet the technical and permitting re-
quirements of Florida’'s Department of Environmental
Protection underground injection control program and
obtain an underground injection control construction and
operation permit in addition to the domestic wastewater
permit. Water recovered from the ASR system must
meet the performance standards for fecal coliform as
specified for high-level disinfection. Specifically, the fe-
cal coliform limits require 75 percent of samples to be
below detection limits, and any single sample is not to
exceed 25/100 ml before use in a reuse system.
Preapplication treatment and disinfection requirements
vary depending on the class of groundwater receiving
injected reclaimed water, but may be as stringent as to
require that reclaimed water meet primary and second-
ary drinking water standards and TOC and TOX limits
prior to injection. Monitoring of the reclaimed water prior
to injection and after recovery from the ASR system is
required. In addition, a groundwater monitoring plan
must be implemented before placing the ASR system
into operation. The monitoring plan must be designed
to verify compliance with the groundwater standards and
to monitor the performance of the ASR system. As part
of the monitoring plan, a measure of inorganics con-
centration (such as chlorides or total dissolved solids)
and specific conductance of the water being injected,
the groundwater, and the recovered water are required
to be monitored. In some cases, an extended zone of
discharge for the secondary drinking water standards
and for sodium can be approved.

Injection wells and recovery wells used for ASR are to
be located at least 500 feet from any potable water sup-
ply well. For potable water supply wells that are not public
water supply wells, a smaller setback distance may be
approved if it can be demonstrated that confinement ex-
ists such that the system will not adversely affect the
quantity or quality of the water withdrawn from the po-
table water supply well. If the ASR well is located in the
same aquifer as a public supply well, the permitting agen-
cies may require a detailed analysis of the potential for
reclaimed water entry into the public supply well.
415 Application Rates

When regulations specify application or hydraulic load-
ing rates, the regulations generally pertain to land ap-
plication systems that are used primarily for additional
wastewater treatment for disposal rather than reuse.
When systems are developed chiefly for the purpose of
land treatment and/or disposal, the objective is often to
dispose of as much effluent on as little land as possible;



thus, application rates are often far greater than irrigation
demands and limits are set for the maximum hydraulic
loading. On the other hand, when the reclaimed water is
managed as a valuable resource, the objective is to ap-
ply the water according to irrigation needs rather than
maximum hydraulic loading, and application limits are
rarely specified.

Many states do not have any specific requirements re-
garding reclaimed water irrigation application rates, as
these are generally based on site conditions; however,
most states emphasizing beneficial reuse recommend
a maximum hydraulic loading rate of no more than 2 inches
per week (5.1 cm per week). Delaware’s regulations re-
quire that the maximum design wastewater loading be
limited to 2.5 inches per week (6.4 cm per week). Florida
recommends a maximum annual average of 2 inches per
week (5.1 cm per week). Those states emphasizing land
treatment or disposal may recommend a hydraulic load-
ing rate of up to 4 inches per week (10.2 cm per week).

In addition to hydraulic loading rates, some states also
have limits on nitrogen loading. For example, Alabama,
Arkansas, and Tennessee all require that the effluent
from the reuse system have a nitrate-nitrogen concen-
tration of 10 mg/l or less, while Missouri and Nebraska
both require that the nitrogen loading not exceed the
nitrogen uptake of the crop.

4.1.6 Groundwater Monitoring
Groundwater monitoring programs associated with re-
claimed water irrigation generally focus on water qual-
ity in the surficial aquifer and are required by Alabama,
Arkansas, Delaware, Florida, Hawaii, lllinois, lowa, Mas-
sachusetts, Missouri, New York, Ohio, Pennsylvania,
South Carolina, South Dakota, Tennessee, West Vir-
ginia, and Wisconsin. In general, these groundwater
monitoring programs require that 1 well be placed hy-
draulically upgradient of the reuse site to assess back-
ground and incoming groundwater conditions within the
aquifer in question. In addition 2 wells must be placed
hydraulically downgradient of the reuse site to monitor
compliance. Florida normally requires a minimum of 3
monitoring wells at each reuse site. For reuse projects
involving multiple sites, Florida may allow monitoring at
selected example sites. Some states also require that a
well be placed within each reuse site. South Carolina’s
guidelines suggest that a minimum of 9 wells be placed
in golf courses (18 holes) that irrigate with reclaimed
water. Sampling parameters and frequency of sampling
are generally considered on a case-by-case basis.
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4.1.7 Setback Distances for Irrigation

Many states have established setback distances or buffer
zones between reuse irrigation sites and various facili-
ties such as potable water supply wells, property lines,
residential areas, and roadways. Setback distances vary
depending on the quality of reclaimed water and the
method of application. For example, Nevada requires a
400- to 800-foot (120- to 240-meter) buffer, depending on
disinfection level, for a spray irrigation system, but when
surface irrigation is used as the application method, no
buffer is required. For restricted and unrestricted urban
reuse and irrigation of food crops, Florida requires a 75-
foot (23-meter) setback to potable water supply wells;
but for agricultural reuse on non-food crops, Florida re-
quires a 500-foot (150-meter) setback to potable water
supply wells and a 100-foot (30-meter) setback to prop-
erty lines. Florida will allow reduced setback distances
for agricultural reuse on non-food crops if additional dis-
infection and reliability are provided or if alternative ap-
plication techniques are used. Colorado recommends a
500-foot (150-meter) setback distance to domestic sup-
ply wells and a 100-foot (30-meter) setback to any irriga-
tion well regardless of the quality of the reclaimed water.

Due to the high degree of treatment required, Oregon
and Nevada do not require setback distances when re-
claimed water is used for unrestricted urban reuse or irri-
gation of food crops. However, setback distances are
required for irrigation of non-food crops and restricted
urban reuse. In Nevada, the quality requirements for re-
claimed water are based not only on the type of reuse,
but also on the setback distance. For example, for re-
stricted urban reuse and a 100-foot (30-meter) buffer zone,
Nevada requires that the reclaimed water have a mean
fecal coliform count of no more than 23/100 ml and not
exceed a maximum daily number of 240/100 ml. How-
ever, with no buffer zone, the reclaimed water must have
a mean fecal coliform count of no more than 2.2/100 ml
and not exceed a maximum daily number of 23/100 ml.
4.2 Suggested Guidelines for
Water Reuse

Table 4-13 presents suggested wastewater treatment
processes, reclaimed water quality, monitoring, and set-
back distances for various types of water reuse. Sug-
gested guidelines are presented for the following cat-
egories:

m Urban Reuse

m Restricted Access Area Irrigation



m Agricultural Reuse - Food Crops
-Food crops not commercially processed
-Commercially processed food crops and
surface irrigation of orchards and vineyards

m Agricultural Reuse — Non-Food Crops
-Pasture for milking animals and fodder, fiber,
and seed crops

m Recreational Impoundments
m Landscape Impoundments
m Construction Uses

m Industrial Reuse

m Environmental Reuse

m Groundwater Recharge
-Spreading or injection into aquifers not used
for public water supply

m Indirect Potable Reuse
-Spreading into potable aquifers
-Injection into potable aquifers
-Augmentation of surface supplies

These guidelines apply to domestic wastewater from mu-
nicipal or other wastewater treatment facilities having a
limited input of industrial waste. The suggested guide-
lines are predicated principally on water reclamation and
reuse information from the U.S. and are intended to ap-
ply to reclamation and reuse facilities in the U.S. Local
social, economic, regulatory, technological, and other con-
ditions may limit the applicability of these guidelines in
some countries (see Chapter 8). It is explicitly stated
that the direct application of these suggested guidelines
will not be used by the United States Agency for Interna-
tional Development (USAID) as strict criteria for funding.

The suggested treatment processes, reclaimed water
quality, monitoring frequency, and setback distances are
based on:
m Water reuse experience in the U.S. and elsewhere
m Research and pilot plant or demonstration study data

m Technical material from the literature

m Various states’ reuse regulations, policies, or guide-
lines (see Appendix A)

m Attainability
m Sound engineering practice

These guidelines are not intended to be used as defini-
tive water reclamation and reuse criteria. They are in-
tended to provide reasonable guidance for water reuse
opportunities, particularly in states that have not devel-
oped their own criteria or guidelines.

Adverse health consequences associated with the re-
use of raw or improperly treated wastewater are well
documented. As a consequence, water reuse regula-
tions and guidelines are principally directed at public
health protection and generally are based on the con-
trol of pathogenic microorganisms for nonpotable re-
use applications and control of both health significant
microorganisms and chemical contaminants for indirect
potable reuse applications. These guidelines address
health protection via suggested wastewater treatment
unit processes, reclaimed water quality limits, and other
controls (setback distances, etc.).

Both treatment processes and water quality limits are
recommended for the following reasons:

m Water quality criteria that include the use of surro-
gate parameters may not adequately characterize
reclaimed water quality.

m A combination of treatment and quality requirements
known to produce reclaimed water of acceptable
quality obviate the need to monitor the finished wa-
ter for certain constituents, e.g., some health-sig-
nificant chemical constituents or pathogenic micro-
organisms.

m Expensive, time-consuming, and, in some cases,
guestionable monitoring for pathogenic organisms,
such as viruses, is eliminated without compromising
health protection.

m Treatment reliability is enhanced.

It would be impractical to monitor reclaimed water for all
of the chemical constituents and pathogenic organisms
of concern, and surrogate parameters are universally
accepted. In the U.S., total and fecal coliforms are the
most commonly used indicator organisms in reclaimed
water as a measure of disinfection efficiency. While
coliforms are adequate indicator organisms for many
bacterial pathogens, they are, by themselves, poor indi-
cators of parasites and viruses. The total coliform analy-
sis includes enumeration of organisms of both fecal and
nonfecal origin, while the fecal coliform analysis is spe-



Table 4-13. Suggested Guidelines for Water Reuse !
Types of Reclaimed B EE Setback
Reuse Treatment |\ oter Quality 2 Water Distances ° comments
y Monitoring
Urban Reuse + Secondary * *pH=6-9 * pH - weekly + 50 ft (15 m) to + See Table 2-7 for other recommended limits.
+ Filtration ® +<10mg/lBOD’ + BOD - weekly potable water + At controlled-access irrigation sites where design and
All types of + Disinfection® |*<2NTU® + Turbidity - supply wells operational measures significantly reduce the potential
landscape + No detectable fecal continuous of public contact with reclaimed water, a lower level of
irrigation, (e.g., /200 mi 910 + Coliform - daily treatment, e.g., secondary treatment and disinfection to
golf courses, . coll ’ ¢ Clyresidual - achieve < 14 fecal coli/100 ml, may be appropriate.
1 mg/l Cl, residual N ; - )
parks, o " continuous + Chemical (coagulant and/or polymer) addition prior to
cemeteries) — (minimum) filtration may be necessary to meet water quality
also vehicle recommendations.
washing, toilet + The reclaimed water should not contain measurable levels of
flushing, use in viable pathogens. *2
fire protection + Reclaimed water should be clear and odorless.
systems and + A higher chlorine residual and/or a longer contact time may
commercial air be necessary to assure that viruses and parasites are
conditioners, and inactivated or destroyed.
other uses with « A chlorine residual of 0.5 mg/l or greater in the distribution
similar access or system is recommended to reduce odors, slime, and
exposure to the bacterial regrowth.
water + See Section 3.4.3. for recommended treatment reliability.
Restricted * Secondary 4 *pH=6-9 + pH - weekly + 300 ft (90 m) to + See Table 2-7 for other recommended limits.
Access Area + Disinfection © + <30 mg/l BOD v + BOD - weekly potable water «+ If spray irrigation, TSS less than 30 mg/l may be necessary
Irrigation * <30 mg/l TSS ¢ TSS - daily supply wells to avoid clogging of sprinkler heads.
* < 200 fecal coli/100 + Coliform - daily | # 100 ft (30 m) to + See Section 3.4.3 for recommended treatment reliability.
Sod farms, m] 21314 ¢ Cl,residual - areas accessible
silviculture sites, + 1 mg/l Cl, residual continuous to the public (if
and other areas (minimum) ™ spray irrigation)
where public
access is
prohibited,
restricted or
infrequent
Agricultural * Secondary 4 *pH=6-9 + pH - weekly + 50 ft (15 m) to + See Table 2-7 for other recommended limits.
Reuse — Food + Filtration ® + <10 mg/l BOD 7 + BOD - weekly potable water + Chemical (coagulant and/or polymer) addition prior to
Crops Not « Disinfection® | * <2 NTU 8 + Turbidity - supply wells filtration may be necessary to meet water quality
Commercially + No detectable fecal continuous recommendations.
Processed 1° coli/100 m| 1 . Coliform - daily + The reclaimed water should not contain measurable levels of
+ 1 mg/l Cl, residual * Clo r?SIdual i "iat?'e pathoggns. N . .
Surface or spray (minimum) 2 continuous + A higher chlorine residual and./or alonger contgct time may
irrigation of any be necessary to assure that viruses and parasites are
food crop, inactivated or destroyed.
including crops + High nutrient levels may adversely affect some crops during
eaten raw. certain growth stages.
+ See Section 3.4.3 for recommended treatment reliability.
Agricultural « Secondary * *pH=6-9 * pH - weekly + 300 ft (90 m) to + See Table 2-7 for other recommended limits.
Reuse — Food + Disinfection © |+ <30mg/l BOD’ + BOD - weekly potable water + If spray irrigation, TSS less than 30 mg/l may be necessary
Crops * <30 mg/l TSS ¢ TSS - daily supply wells to avoid clogging of sprinkler heads.
Commercially + < 200 fecal coli/100 + Coliform - daily | # 100 ft (30 m) to + High nutrient levels may adversely affect some crops during
Processed *° m| 91314 ¢ Cl,residual - areas accessible certain growth stages.
+ 1 mg/l Cl, residual continuous to the public (if + See Section 3.4.3 for recommended treatment reliability.
Surface Irrigation (minimum) * spray irrigation)
of Orchards and
Vineyards
Agricultural + Secondary 4 *pH=6-9 * pH - weekly + 300 ft (90 m) to + See Table 2-7 for other recommended limits.
Reuse — Non- « Disinfection ® |+ <30mg/i BOD + BOD - weekly potable water + If spray irrigation, TSS less than 30 mg/l may be necessary
food Crops * <30 mg/l TSS ¢ TSS - daily supply wells to avoid clogging of sprinkler heads.
+ <200 fecal coli/100 | ¢ Coliform - daily | ¢ 100 ft (30 m) to + High nutrient levels may adversely affect some crops during
Pasture for m| 91314 ¢ Cl,residual - areas accessible certain growth stages.
milking animals; continuous to the public (if + Milking animals should be prohibited from grazing for 15

fodder, fiber, and
seed crops

+ 1 mg/l Cl, residual
(minimum) **

spray irrigation)

days after irrigation ceases. A higher level of disinfection,
e.g., to achieve < 14 fecal coli/100 ml, should be provided if
this waiting period is not adhered to.

+ See Section 3.4.3 for recommended treatment reliability.
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Table 4-13. Suggested Guidelines for Water Reuse !
8 Reclaim

Reclaimed el = Setback
Types of Reuse| Treatment Wat lity 2 Water Dist 3 Comments

ater Quall . f Istances

Q y Monitoring
Recreational + Secondary * * pH=6-9 * pH - weekly + 500 ft (150 m) to + Dechlorination may be necessary to protect aquatic species
Impoundments + Filtration ® + <10 mg/I BOD’ + BOD - weekly potable water of flora and fauna.
+ Disinfection © e <2NTU® ¢ Turbidity - supply wells + Reclaimed water should be non-irritating to skin and eyes.

Incidental contact + No detectable fecal continuous (minimum) if + Reclaimed water should be clear and odorless.
(e.g., fishing and colif100 mi ®%° + Coliform - daily bottom not sealed | * Nutrient removal may be necessary to avoid algae growth in
boating) and full + 1 mg/l Cl, residual + Clyresidual - impoundments.
body contact with o 2 " continuous + Chemical (coagulant and/or polymer) addition prior to
reclaimed water (minimum) filtration may be necessary to meet water quality
allowed recommendations.

+ The reclaimed water should not contain measurable levels of
viable pathogens. *?

+ A higher chlorine residual and/or a longer contact time may
be necessary to assure that viruses and parasites are
inactivated or destroyed.

+ Fish caught in impoundments can be consumed.

+ See Section 3.4.3. for recommended treatment reliability.

Landscape + Secondary * * <30 mg/l BOD’ * pH - weekly + 500 ft (150 m) to + Nutrient removal may be necessary to avoid algae growth in
Impoundments + Disinfection © + <30 mg/l TSS + TSS - daily potable water impoundments.
+ <200 fecal coli/200 | * Coliform - daily supply wells + Dechlorination may be necessary to protect aquatic species
Aesthetic m| %1314 ¢ Clyresidual - (minimum) if of flora and fauna.
impoundment + 1 mg/l Cl, residual continuous bottom not sealed | * See Section 3.4.3 for recommended treatment reliability.
where public (minimum) *
contact with
reclaimed water is
not allowed
Construction Use + Secondary * *<30mg/l BOD’ + BOD - weekly + Worker contact with reclaimed water should be minimized.
+ Disinfection © + <30 mg/l TSS * TSS - daily + A higher level of disinfection, e.g., to achieve < 14 fecal
Soil compaction, + <200 fecal coli/100 | ¢ Coliform - daily cc_)li/lOO n_\l, should bg provided when frequent work contact
dust control, mi 91314 + Cl, residual - with reclaimed water is likely.
washing « 1 mg/l Cl, residual continuous + See Section 3.4.3 for recommended treatment reliability.
aggregate, making (minimum) *
concrete
Industrial Reuse + Secondary 4 ¢ pH=6-9 = pH - weekly + 300 ft (90 m) to + Windblown spray should not reach areas accessible to
+ Disinfection © +<30mg/IBOD’ = BOD - weekly areas accessible workers or the public.
Once-through + <30 mg/l TSS = TSS - daily to the public
cooling * <200 fecal coli/100 |* Coliform - daily
m| 913.14 = Cl, residual -
* 1 mg/l Cl, residual continuous
(minimum) **
Recirculating  Secondary * + Variable depends * pH - weekly + 300 ft (90 m) to + Windblown spray should not reach areas accessible to
cooling towers + Disinfection © on recirculation + BOD - weekly areas accessible workers or the public.
. ratio (see Section * TSS - daily to the public. + Additional treatment by user is usually provided to prevent
(chemical - . B : ; ) ’ .
coagulation 2.2.1) pH =6-9 + Coliform - daily May be reduced scaling, corrosion, biological growths, fouling and foaming.
o filtration ® * <30 mg/l BOD’ ¢+ Clyresidual - or eliminated if + See Section 3.4.3 for recommended treatment reliability.
and fiitration * <30 mg/l TSS continuous high level of
may be needed) |, < 20 fecal coli/100 disinfection is
m| %1314 provided.
¢ 1 mg/l Cl, residual
(minimum) **
Other Industrial . " .
Uses Depends on site specific uses (See Section 2.2.3)
Environmental ¢ Variable Variable, but not to + BOD - weekly + Dechlorination may be necessary to protect aquatic species
Reuse + Secondary * exceed: + TSS - daily of flora and fauna.
and *<30mg/l BOD’ + Coliform - daily + Possible effects on groundwater should be evaluated.
Wetlands, disinfection © * <30 mg/l TSS + Cl, residual - + Receiving water quality requirements may necessitate
marshes, wildlife * <200 fecal coli/100 continuous additional treatment.

habitat, stream
augmentation

(minimum)

ml 9,13,14

+ The temperature of the reclaimed water should not adversely
affect ecosystem.
+ See Section 3.4.3 for recommended treatment reliability.
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Table 4-13.

Suggested Guidelines for Water Reuse !

aquifers not used
for public water
supply

for spreading
+ Secondary *

(minimum)

for injection

; Reclaimed
Types of Reclaimed Setback
R Treatment Wat lity 2 Water Dist 3 Comments
ater Quality Monitoring istances
Groundwater + Site-specific + Site-specific and + Depends on + Site-specific + Facility should be designed to ensure that no reclaimed
Recharge and use use dependent treatment and water reaches potable water supply aquifers
dependent use + See Section 2.5 for more information.

By spreading or + Primary + For spreading projects, secondary treatment may be
injection into (minimum) needed to prevent clogging.

+ For injection projects, filtration and disinfection may be
needed to prevent clogging.
+ See Section 3.4.3 for recommended treatment reliability.

Indirect Potable
Reuse

Groundwater
recharge by
spreading into
potable aquifers

+ Secondary *

« Disinfection ©

+ May also
need
filtration ®
and/or
advanced
wastewater
treatment ¢

+ Secondary *

« Disinfection ©

+ Meet drinking water
standards after
percolation through
vadose zone

Includes, but not

limited to, the

following:

+ pH - daily

+ Coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

* Other ' -
depends on
constituent

+ BOD - weekly

+ Turbidity -
continuous

+ 500 ft (150 m)
to extraction
wells. May
vary depending
on treatment
provided and
site-specific
conditions.

+ The depth to groundwater (i.e., thickness to the vadose
zone) should be at least 6 feet (2 m) at the maximum
groundwater mounding point.

+ The reclaimed water should be retained underground for at
least 6 months prior to withdrawal.

+ Recommended treatment is site-specific and depends on
factors such as type of soil, percolation rate, thickness of
vadose zone, native groundwater quality, and dilution.

+ Monitoring wells are necessary to detect the influence of the
recharge operation on the groundwater.

+ See Sections 2.5 and 2.6 for more information.

+ The reclaimed water should not contain measurable levels of
viable pathogens after percolation through the vadose
zone. *?

+ See Section 3.4.3 for recommended treatment reliability.

Indirect Potable
Reuse

Groundwater
recharge by
injection into
potable aquifers

+ Secondary *

« Filtration ®

« Disinfection ©

+ Advanced
wastewater
treatment *°

Includes, but not

limited to, the

following:

¢pH=65-85

+<2NTU8

+ No detectable total
coli/100 ml **°

+ 1 mg/l CI2 residual
(minimum) **

+<3mg/l TOC

¢ <0.2 mg/l TOX

+ Meet drinking water
standards

Includes, but not

limited to, the

following:

+ pH - daily

+ Turbidity -
continuous

+ Total coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

+ Other " -
depends on
constituent

-

2000 ft (600 m)
to extraction
wells. May vary
depending on
site-specific
conditions.

+ The reclaimed water should be retained underground for at
least 9 months prior to withdrawal.

+ Monitoring wells are necessary to detect the influence of the
recharge operation on the groundwater.

+ Recommended quality limits should be met a the point of
injection.

+ The reclaimed water should not contain measurable levels of
viable pathogens after percolation through the vadose
zone. *?

+ See Sections 2.5 and 2.6 for more information.

+ A higher chlorine residual and/or a longer contact time may
be necessary to assure virus and protozoa inactivation.

+ See Section 3.4.3 for recommended treatment reliability.

Indirect Potable
Reuse

Augmentation of
surface supplies

+ Secondary *

« Filtration ®

« Disinfection ©

+ Advanced
wastewater
treatment *°

Includes, but not

limited to, the

following:

¢pH=65-85

«<2NTU®

+ No detectable total
coli/100 ml **°

+ 1 mg/l CI2 residual
(minimum) **

+<3mg/l TOC

+ Meet drinking water
standards

Includes, but not

limited to, the

following:

+ pH - daily

+ Turbidity -
continuous

+ Total coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

* Other’ -
depends on
constituent

+ Site-specific

+ Recommended level of treatment is site-specific and
depends on factors such as receiving water quality, time and
distance to point of withdrawal, dilution and subsequent
treatment prior to distribution for potable uses.

+ The reclaimed water should not contain measurable levels of
viable pathogens. *?

+ See Sections 2.6 for more information.

+ A higher chlorine residual and/or a longer contact time may
be necessary to assure virus and protozoa inactivation.

+ See Section 3.4.3 for recommended treatment reliability.
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Footnotes

1. These guidelines are based on water reclamation and reuse practices in the U.S., and they are especially

10.

11.

12.

13.

14.

15.

16.

17.

directed at states that have not developed their own regulations or guidelines. While the guidelines should
be useful in may areas outside the U.S., local conditions may limit the applicability of the guidelines in
some countries (see Chapter 8). It is explicitly stated that the direct application of these suggested
guidelines will not be used by USAID as strict criteria for funding.

. Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge

from the treatment facility.

. Setback distances are recommended to protect potable water supply sources from contamination and to

protect humans from unreasonable health risks due to exposure to reclaimed water.

. Secondary treatment processes include activated sludge processes, trickling filters, rotating biological

contractors, and may include stabilization pond systems. Secondary treatment should produce effluent in
which both the BOD and TSS do not exceed 30 mg/I.

. Filtration means the passing of wastewater through natural undisturbed soils or filter media such as sand

and/or anthracite, filter cloth, or the passing of wastewater through microfilters or other membrane pro-
cesses.

. Disinfection means the destruction, inactivation, or removal of pathogenic microorganisms by chemical,

physical, or biological means. Disinfection may be accomplished by chlorination, UV radiation, ozonation,
other chemical disinfectants, membrane processes, or other processes. The use of chlorine as defining
the level of disinfection does not preclude the use of other disinfection processes as an acceptable means
of providing disinfection for reclaimed water.

. As determined from the 5-day BOD test.

. The recommended turbidity limit should be met prior to disinfection. The average turbidity should be based

on a 24-hour time period. The turbidity should not exceed 5 NTU at any time. If TSS is used in lieu of
turbidity, the TSS should not exceed 5 mg/I.

.Unless otherwise noted, recommended coliform limits are median values determined from the bacteriological

results of the last 7 days for which analyses have been completed. Either the membrane filter or fermenta-
tion-tube technique may be used.

The number of fecal coliform organisms should not exceed 14/100 ml in any sample.
Total chlorine residual should be met after a minimum contact time of 30 minutes.

Itis advisable to fully characterize the microbiological quality of the reclaimed water prior to implementa
tion of a reuse program.

The number of fecal coliform organisms should not exceed 800/100 ml in any sample.
Some stabilization pond systems may be able to meet this coliform limit without disinfection.

Commercially processed food crops are those that, prior to sale to the public or others, have undergone
chemical or physical processing sufficient to destroy pathogens.

Advanced wastewater treatment processes include chemical clarification, carbon adsorption, reverse
osmosis and other membrane processes, air stripping, ultrafiltration, and ion exchange.

Monitoring should include inorganic and organic compounds, or classes of compounds, that are known or
uspected to be toxic, carcinogenic, teratogenic, or mutagenic and are not included in the drinking water
standards.
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cific for coliform organisms of fecal origin. Therefore,
fecal coliforms are better indicators of fecal contamina-
tion than total coliforms, and these guidelines use fecal
coliform as the indicator organism. Either the multiple-
tube fermentation technique or the membrane filter tech-
nique may be used to quantify the coliform levels in the
reclaimed water.

The Guidelines suggest that, regardless of the type of
reclaimed water use, some level of disinfection should
be provided to avoid adverse health consequences from
inadvertent contact or accidental or intentional misuse
of a water reuse system. For nonpotable uses of re-
claimed water, 2 levels of disinfection are recommended.
Reclaimed water used for applications where no direct
public or worker contact with the water is expected should
be disinfected to achieve an average fecal coliform con-
centration not exceeding 200/100 ml because:

m Most bacterial pathogens will be destroyed or re-
duced to low or insignificant levels in the water

m The concentration of viable viruses will be reduced
somewhat

m Disinfection of secondary effluent to this coliform
level is readily achievable at minimal cost

m Significant health-related benefits associated with
disinfection to lower, but not pathogen-free, levels
are not obvious

For uses where direct or indirect contact with reclaimed
water is likely or expected, and for dual water systems
where there is a potential for cross-connections with
potable water lines, disinfection to produce reclaimed
water having no detectable fecal coliform organisms per
100 ml is recommended. This more restrictive disinfec-
tion level is intended for use in conjunction with tertiary
treatment and other water quality limits, such as a tur-
bidity less than or equal to 2 NTU in the wastewater
prior to disinfection. This combination of treatment and
use of water quality limits has been shown to produce
reclaimed water that is essentially free of measurable
levels of bacterial and viral pathogens.

For indirect potable uses of reclaimed water, where re-
claimed water is intentionally introduced into the raw
water supply for the purposes of increasing the total
volume of water available for potable use, disinfection
to produce reclaimed water having no detectable total
coliform organisms per 100 ml is recommended. Total
coliform is recommended, in lieu of fecal coliform, to be
consistent with the Safe Drinking Water Act (SDWA)
National Primary Drinking Water Regulations (NPDWR)
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that regulate drinking water standards for producing po-
table drinking water.

These guidelines do not include suggested specific para-
site or virus limits. Parasites have not been shown to be
a problem at water reuse operations in the U.S. at the
treatment and quality limits recommended in these
guidelines, although there has been considerable inter-
est in recent years regarding the occurrence and sig-
nificance of Giardia and Cryptosporidium in reclaimed
water. Viruses are of concern in reclaimed water, but
virus limits are not recommended in these guidelines
for the following reasons:

A significant body of information exists indicating that
viruses are reduced or inactivated to low or immeasur-
able levels via appropriate wastewater treatment, includ-
ing filtration and disinfection (Yanko, 1993).

m The identification and enumeration of viruses in waste-
water are hampered by relatively low virus recovery
rates, the complexity and high cost of laboratory pro-
cedures, and the limited number of facilities having
the personnel and equipment necessary to perform
the analyses.

m The laboratory culturing procedure to determine the
presence or absence of viruses in a water sample
takes about 14 days, and an additional 14 days are
required to identify the viruses.

While recombinant DNA technology provides new
tools to rapidly detect viruses in water (e.g., nucleic
acid probes and polymerase chain reaction technol-
ogy), methods currently in use are not able to quan-
tify viruses or differentiate between infective and non-
infective virus particles.

m There is no consensus among virus experts regard-
ing the health significance of low levels of viruses in
reclaimed water.

m There have been no documented cases of viral dis-
ease resulting from the reuse of wastewater at any
of the water reuse operations in the U.S.

The removal of suspended matter is related to the virus
issue. Many pathogens are particulate-associated and
that particulate matter can shield both bacteria and vi-
ruses from disinfectants such as chlorine and UV radia-
tion. Also, organic matter consumes chlorine, thus mak-
ing less of the disinfectant available for disinfection.
There is general agreement that particulate matter should
be reduced to low levels, e.g., 2 NTU or 5 mg/l TSS,
prior to disinfection to ensure reliable destruction of patho-



genic microorganisms during the disinfection process.
Suspended solids measurements are typically performed
daily on a composite sample and only reflect an average
value. Continuously monitored turbidity is superior to daily
suspended solids measurements as an aid to treatment
operation.

The need to remove organic matter is related to the type
of reuse. Some of the adverse effects associated with
organic substances are that they are aesthetically dis-
pleasing (may be malodorous and impart color), pro-
vide food for microorganisms, adversely affect disinfec-
tion processes, and consume oxygen. The recom-
mended BOD limit is intended to indicate that the or-
ganic matter has been stabilized, is nonputrescible, and
has been lowered to levels commensurate with antici-
pated types of reuse. TSS limits are suggested as a
measure of organic and inorganic particulate matter in
reclaimed water that has received secondary treatment.
The recommended BOD and TSS limits are readily
achievable at well operated water reclamation plants.

The suggested setback distances are somewhat sub-
jective. They are intended to protect drinking water sup-
plies from contamination and, where appropriate, to pro-
tect humans from exposure to the reclaimed water. While
studies indicate the health risk associated with aero-
sols from spray irrigation sites using reclaimed water is
low, the general practice is to limit, through design or
operational controls, exposure to aerosols and wind-
blown spray produced from reclaimed water that is not
highly disinfected.

Unplanned or incidental indirect potable reuse occurs
in many states in the U.S., while planned or intentional
indirect potable reuse via groundwater recharge or aug-
mentation of surface supplies is a less-widely accepted
practice. Whereas the water quality requirements for
nonpotable water uses are tractable and not likely to
change significantly in the future, the number of water
guality constituents to be monitored in drinking water (and,
hence, reclaimed water intended for potable reuse) will
increase and quality requirements will become more re-
strictive. Consequently, it would not be prudent to sug-
gest a complete list of reclaimed water quality limits for
all constituents of concern. Some general and specific
information is provided in the guidelines to indicate the
extensive treatment, water quality, and other requirements
that are likely to be imposed where indirect potable reuse
is contemplated.
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4.3 Pathogens and Emerging

Pollutants of Concern (EPOC)

As needs for alternative water supplies grow, reclaimed
water will be used more in both direct nonpotable appli-
cations and indirect potable reuse projects. Future moni-
toring for pathogens and other EPOCs will likely be nec-
essary to ensure that reclaimed water is a safe water
source. For example, California regulations require
monthly sampling and analysis for Giardia, enteric vi-
ruses, and Cryptosporidium for the use of reclaimed
water for impoundments during the first year of opera-
tion (State of California, 2000). After the first year, the
reclaimed water may be sampled and analyzed quar-
terly and monitoring may be discontinued after 2 years
of operation with the approval of the California Depart-
ment of Health Services (DHS). As previously discussed,
Florida requires monitoring of Giardia and Cryptosporidium
with sampling frequency based on treatment plant ca-
pacity for specific types of reuse.

The DHS updated the draft regulations for Groundwater
Recharge Reuse in July 2003 to require monitoring of
EPOCs. Each quarter, during the first year of operation,
the reclaimed water shall be analyzed for: unregulated
chemicals; priority toxic pollutants; chemicals with state
action levels; and other chemicals that the DHS has speci-
fied (California DHS, 2003). Chemicals with state action
levels are defined as chemicals that have been detected
at least once in drinking water supplies or chemicals of
interest for some specific reason. The other chemicals
as specified by the DHS include N-Nitrosodiethylamine
(NDEA) and N-Nitrosopyrrolidine.

The draft regulations also require annual monitoring of
pharmaceuticals, endocrine disrupting chemicals, and
other chemical indicators of municipal wastewater pres-
ence. The draft regulations state that these samples are
being collected for information purposes, and there are
no standards for the contaminants listed and no stan-
dards anticipated at this time (California DHS, 2003).

Although no illnesses to date have been directly con-
nected to the use of reclaimed water, in order to better
define pathogens and EPOCs contained in reclaimed
water, it is recommended to continue with ongoing re-
search and additional monitoring for Giardia,
Cryptosporidium, and other EPOCs.

4.4 Pilot Testing

Because it is desirable to fully characterize the reclaimed
water to be produced and to compare its quality to other
water sources in the area, pilot testing should be con-
ducted in support of some of the more sensitive types of



reuse, like groundwater recharge by injection and indi-
rect potable reuse. Pilot testing can be used to demon-
strate the ability of the selected unit processes to meet
project objectives and to refine the design of sophisti-
cated treatment trains. Pilot testing also can be used to
demonstrate the ability of the treatment and disinfec-
tion units to effectively control pathogens and organic
compounds. As part of this activity, the EPOCs, includ-
ing pharmaceutically active substances, endocrine dis-
rupters, and personal care products, can be evaluated.
Ideally, pilot testing should build on previous work as
opposed to repeating it.
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